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%9k, 27] S0C WMol eSS A wiEel Ao FAE: dsiere] woldor smw,
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b3 A dapd(122)E B3 mE A A A8y AR (L)E Y 5 A oW, A ojFetelH
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(PACK) 2.2 58] oiAE HAudibol AHF whAp#(122)5 &) wg Az A 83 AR(,)s 49

ek, =g, B FHAZ(110E FAHF AR @ 93 AF[F(IE vigE Ho FFch. kA g vie}
wol, Al oldeol Aol mAYL WAR(12) R F Folrk: wEHH @ BAAFE LH3 Belatelr] [,

Aalgl Al 2% HAfFE 712822 A3 (Kirchoff's Current Law, KCL)ol ]3] I, -1,+1.7F L
9] g& YA Ao s2& HFE -+ Bk wEA], Al 293 WEHA(S)} A2 29 nEY
2(S)E 8 AaE wigy] Ae 2 SE A9 2 BEd JR0,)E Fa S0C #HWe] xzdd 4 9l
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A ojdete] A (1200 AAY SA#(122) AR A DAY AF () E LA 7] AP old2a HEE
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o =M £ SOC S ST 5 A}, o2 A3, wiEE A5(BB)S $FL wedE = . wiEH 4
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HAME F A7 F2 g 434 WA A4 5 At

EF, B 37111009 A ol BetelA (1200 24E % duFel o8 4 = sick. oAl L, o)
g A gt e Ao S ww WA sl TAld F3d = Qlvh. wEkd, A Wby Az H4

o] % MCU(140)= BMU(130) 255 digg] Ase] M 2 AL (V) 548 4 vk, MCU(140)= wle 9

7] AAE A SOC A AW Ak 7 wisH FA(S0C-00V FFA)S o] fste] wiE ] AEe] Ad 2 At
(Ve ol tl-8-3= %7] SOC #8ghs Edi2 AA 7] SOC alRe] Hiats ALk 4 s1rh(S220).

MCUC140)+= wiglg] AE(B~B)2l =7 SOC d¥e] e Exkeo = dige] AE(B-B)< AET o+ 2Arh(5230).

olwl, AE A W} v AEA Q4L Fodn. FH T8 AlJ = H]

Gl THE ¥, 4 234
B A=(B-B)E 4 FE A= 4 234 F&%LE 79 T 3t

o] &, MCU(140)x= o &=F47](110) 2 A ojdele] A (120)2] A AlZFS Aabatar A WHA HF(1,09 =
A AAsle] Hd AHE FHET = AJrHS240). F AP A A FUAZ(11009] HE AZHT) R e
A5 (B~B,) Ztzlell gk Al o]&ule] #(120)¢] & AIHTH(iv+ A 1822 104 n7bA|e] A4S 7R

4714, it WEE Ao 30 LEAEOR AU £AR YPHT)S BT 9 gol,
A W, ed FA Al Zxstel AL 29K WEGAS)sh A2 2903 MEGAS)S 2917 dARol
47 S gl w2, e Aol FAHE Aol A%S: wE Al FARE Aokl wolurh. Haba,
MCU(140)% SOC @lMe] Aoz e wieel o] g A oldetolA(12009] A Azte Ao A7
BAs, SOC del Fudem we wEe Ae] ma A olheld (12009 A2l e FujHow #
448 & Aok,

]

s

O

&, MCU(140)+= +3F S0Ce} ¥t SOCE vlaslar, Hluw ZAujol| wle) = FAY|(110)28F &8s o
A

Afe WFE AHE + Ak,

TAHo®, MCU(140)= E3E S0CSt Mo SOCE ®lud 4 SIvh(5250). =3 SO0C7F o SOCE T v e (8250
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[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

[0050]
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ol o), vjee] A (PACK)o Z3E wiee] A5 (B~B,)e dA duAE WEsof shoh. upgha], NCU(140) % 4
A AFU0Y BEE Al By, 9 #¥)ezE HAFESF Ao A& (Control Signal)E YT

& ATH(S260). A AT £7 ol A WAA A @ FWA7](110)E Ao A5 (Control Signal)el &5t
gte] wiEE] H(PACK)Ol 2§ wiE ] 4EBrB)Y AUAE 4 & F U

1
2

SOC7F |4t SOCH.Y} w2 (52502 ofy ), wiel=] F(PACK)Ol x£5H¢l dielz] A& (B~B)el #Ael <y
AZ FFeol k. whEbA, MCU(140)E & 24711000 & Z9d 47109 ek A2 ek,
oko] wrak)o R AAFLER Ao AF(Control Signal)E AT 5= QArh(S270). &H #Hek £ o] A iy
A A B s (1000 Alel AF(Control Signal)ell §w3ste] wigz H(PACK)H] =g wigz A4S
(Bl~Bll) %')‘loﬂ OﬂL‘]X] _17:'5]_ )-. %L}

o], A WHY Fe] PP 5 Urh(S280). A WAL FFE F A AT T4 Y] AHE =42 7
2 4 Ak F A ARE Feb vigE] AEB-B)2 AEE sAdE A ojde|A(120)9] AH: A
(122)¢] b dA" # Ui, A oHeto] A (12009 AAG dabg(122)e] A2 wige AL P wiE g
Ao g Al o]eto] A (120)2] Al AIE Fet FH EE tEE o+ vk o F0H 7](110)4 &2 & A
g A1Zke] mpA kel w1 A FuAr(110)9] M A 5 FEE Ak, gudFe A we mhA
2 uiele] Ae] A ojdete]d A A 02 4 At wEbA, ddF o (n-1)79] 4 %d"& 2 oA
(T Ten) o 3ol B F037] FADA(T)E e drid, wiel2]e S0CE AdEsce] & nfle 2AT 2
a3dbe], o714, n& Wi B(PACK) Sl =R vl 459 F AFE vdd.

Fad A dyy T FaEW, nAS) e n% g WA AR FFo] FrEY.

|
=

ostol iz, & whge] Axelo] uhE WY tuFoel vhal o222l ¥A] vlgol ovlsl AP@ct. oW, AR
o 71N = 30 =AY en, AT WES FEES I
A, A SPWIE AR g, A IRRAAT FA ARG A, A HARAAL S

o

& 92 A9 WE e AGMB AR 0nG a3 1ng 48 44 nedn ARAES B
ou, 4 olhetel el 1A BAdel B2 A AF(L)E }7101 a4 1% o) A,

o4 3

(%) -Ibal

N VUpack

A71A, Ly A oldeto]Ae AAG G 2 4 MY AFOIL, vpas Y Agdold, vz &9
A WEH A o8] MdEE iHA de] Hgtolnt.

2R AL BEE AF LE 879 Fop4 20 uhet 2REh

olw, Wl vhE AE BEi ARE 9 AfFsh sk ne A
o AFelth). oA, L, I, L& FAR= get 85 43} 29 g /M 4 A
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[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

[0060]

[0061]
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# BWIW0Y T A5 24 B9 JTAL SO DL FL A2 2AIE A WEl
We AR 198 o] Fpold A 18] 4ol &4old AT, ofm, 4 ol@ee] 4 (120)
s 9 FPA7(110)7 Qestel FAE FE 4 Ao B4 ARE AzAA ATHE Al AR 449
Ltith Soto} ek,

K
2,
2,

Aol SOC7 mE e o)Al el FAo A= wiE g #e] A SoC @ % T |
o] o] wutsl w7z FAESW = otk e} A4 Aol SOC7F BE o2 Box A= @ Zubd
Z1(110)2F A ol gho] A (120) 7o) e Fxfo] da=A o)},

2 FE7I(110)9F A oldete] A (120)2] HY S2& A7) flste] 7 wigg] de] Hd &35 QA“"
(i=1,2, ..., n n2 3P 4248 49 /)2 BAEY. ot T vigg 2] & ) &3FE& 712 +
V=S uigat. A d92 i wiEe Ae] S &3 5, A S0 LEAToR PG,

Hjejg] Aol Fd &% Q)2 8718 84 3¢ meh AldtEn.

Qi(t) = SOC;(t).Q 4,

4714, SOC(1)= t AMeINel el A9 socelth. olul, iElelel FstHel Fud A AEE vehile
T A& (Coulomb efficiency)o] leolebal 7HAsHA, o] Alz} tA|HelA 2] idHA A2l SOC WL 3}7] <]
3h4 4ol w24 e

214 4

Ii(t —1p)

A

SOC;(t) = SOC;(tg) +

714, SOCi(ta)E t, AlANA 9 7] S0ColaL, Tiv A& 32 33 dAF=2A4 dAsida 7143554,

2 ool o] AAde] wEH, z7] SOC F4S AslA 8719 4284 59} 22 0CV(Open Circuit Voltage) =
A 2dy Uye ALEd

SOC;(ty) = fH(OCV;)

&171A4, £(S0C)E SOC oA Ocva el it d<poln, = =1 o wjsgatolv}, 2+ A 7+ S0C B o3he]
Z7] SoCEe] t2uew  dl7]e =8k 63 & Hyk 27] SOC @l SOC..= =gt
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[0068]

[0069]

[0070]

[0071]
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4] 6

SOC;(tg)

n

n
BOCuy= iz
ek, # FEz(110)e] o) g E] Bom dasojof sk oA e ¥ H3E SOC AW SOC,2 Hf
27] SOC #18Y S0C, Abele] Aholu], $:8H4) 4mRE &7]e] a4 73 Zo] AxtE),
T4 7

R
o m

SOC,, — SOC 4, =

4714, Te 3 S3A71(110)9] 2Ed] Zag Aoz, 34 75 tA] RAF 879 34 84 wet 4

4,

ki

Tc - (SOCrtg == Sociavg)(-gAi

in
i
Mo
o
=
1..
o
o
-1m
J%
=
®
8
'U
jab]
(@]
z,
b
n
o
S
oft
=l
Ko

to—cell) &
%32 W ¥ b B wwe 9 AAde] mE By 4 olduelde) 4% deg ushi: gzmem, =
da WA = de= & B d AAdd] mE FUF A ojdolAY zhg dE HWEy] A7 =welr.

E 32 A E 4cB FESW, ok i9A AL 32 AR 4L vehie sirle #aa osh 2ol md
e},

. B —1. for charging
vy = signl ;) — { ; ging

+1, for discharging

shupel wiealel naflel WiEE Aol gl S BHE nlel BF v roldry, 7 el AE @ Eud
7k M@gsEa A £ 19 1=00nE 9 $47]9] %L uelshd gholw Hv], shpe] Au A o
Aepol A (120)0] A= 2} Ao il wlg] AR AT §¢F A-F-4(pack-to—cell) 3= A-F-2(cell-
topack) AIUA o] ol O UL, WA, AT A FL A o|BAoIAel A WA Mo WE
12 Bolrle AfE 1 4L 2P U alwol 92 Aol mAsbe AFE ol Bk mely a9
WlEle) el s olFRe ahrlel o 103 ol EAWLH
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[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

S55051 10-2976402
#844] 10

SOC4ug—S0OC;(to)
Ol s — oigdpdy — oo —OalaTy
Qa,

4714, T v WA A Azkeli a: sha ook Aeld vish ol ivAl wAlS 7 Ao A

0 BHE debde Ao Sl o, F A ARt HAHEE fl8) daE 2I9dH A SE
at7lel kA 119 Zo] Ae Ao 7hE dom AP F g

844 11
n
p = E (I.gTZ
g=1

oo we}, 48k 10& 48ty 116] o8] a1 FehA 129 2o A mART,
F844] 12

. v Ly Ly — S1
‘SYOCIGUQ - SIOCYI (‘fo) — (85 bal(Qz r
A;

B, Foka 1904 AFe A olAeel (12000 AHEAS nAT w4 A A A Aol I S0C £
a7l 484 1301 we ARG

814 13

v (% B 1) 1;:ad.
SO0, = >
A;

Ibaf Ttotaf

714, SOCuie= iHA wjE ] el g SOC £, T w53 & F A AIelH s17]9 34
148} go] T}

94 14
n

ITtoi:al — E Tz
=1

npRlEto 2, =844 12 R 434 138 Aoz, iwA Ao oiF SoC &4 Wl A" A} Tid Y
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[0085]

[0086]

[0087]

[0088]

[0089]

[0090]
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sb4 150 weh AEE, ok AP A FAHE D 9 YHAo AgHT).

94 15

Ti = |y T3
_ |(SOCusg — SOC(ta) — S5OCL,)Qa, +5I;
B Ipai

ojgtell A=, A o]@eto] A (120)¢] A A HH o] tha] A Hom HPr}.

ulElg] AAFE Al 28 (Second Life Battery Energy Storage System, SL-BESS)ell A& AALE dlE|z]e] Al&<dst
o wel i AHzle] Asdle A4S veEhlE Fleo] dtHelng | e FHA AFd dEAx A g
Hup o B duz] Edeo] waAlgtl, ulEhA, F A A7 Fote] AR HAEH oz ugd "ar) vk, vl
B9 F dF AFE 2 YehE, F HHAZ S o7l AE 7 alEE] #e] YRR Qe Al

= 8 Uy dungs F A AL ¢ duA 4L g9 534 169 wat AldbEn.

=

24 16

Tfnfrlf
f'-iose.l _/ ])IOSS(T)”'T
0

= pRy(Ie — B)*Te + nRoIj (Tiotat — Te) + Roljoy Ttotal

% 5t 4 ojdzol A X £ & Az A0 WAS EAEE EHor,
% 5% ZESW, F AY AT Tewol 35S WEe) UA &4 B0t 228 4 5 o wheA,

N

18] ARES Hasigtovy Y dudFe 2 ouA 284S 24T + Q.

obA 11, b 149 b 152RE 7 A ARe dued e9Ae teeE s a4 dews o
+ ol e, gaeE e9AT dele 5T A"on HagozA F Ad A Tuwol A4oHEg
T; ]. JHaHR'I :;: %E]_.

= 68 A olwaolde] F AY Az} duelE LA Al sol HE HAH FAL EAGHE v
2, a719 E 19 HaE 44ge ez d,

E 6 RSV, FHe PP Pol s2 duelFol FAsk: A A oAl A7kt 9-F-4 HER
Ael7] ditel § 28 F AUAD T FRFE BolEh olsh UEH R, FE Lo SE dudFol §
ek A% A olBF A} R A9 HER BAS] Wi o ¥& F AN s FRIE
velFEth, ool SOC 27] AUEILAA S ) Tow FHE obIE BEF Fgolr] T A AE HAxE

] 2
whei= § gho] sk Easith, A o2, T oA 7] S0CE 30%el A 60%E AR HEakEo] oleu Towme
S7} 0.39 o] #FAFk 3.2hE 7HAG

Fed & iy AN AFE A 204-u1E 2] (18650-3.6V/2.9Ah) & HH= A4 AEeo] i S 4
g9y, Fel 7<= (N.-A. Nguyen, P.-l. La, and S.-J. Choi, "Coordinated operation algorithm of pack-
chargers and cell-equalizers for soc adjustment in secondlife batteries," Journal of Power
Electronics, vol. 22, no. 1, pp. 105-115, 2022. )“’}- H odldo] vuwE 9ld) ofeje] F 19 Y Fdoz 2
@ 2% e go| TG, F, BE SIC ETAEE 252 uAY FeelA 2 A9 27 Soc dES
30%91 41 60% Atol= EAIAA Fal Bl=ES it 53 @ we] wWel dads 2IA A S= £ 5
%X 63 22 HHg A4S AH 0.32= %233}9&@.

J
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[0098]
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[0100]
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Configuration NS1P (18650 - 3.6V /2.944)
|1e| [A] 1.5
bt 1A] 2
g A] 0.1

SOC target %] 2%

Efficiency of cell-equalizer [ % | ]
lr‘!l:ll SOC of the cells [% | (sccording to physical layout) | 47,02, 48,34, 36, 54, 37, 30, 39, 41,56, 43,60, 44, 46, 49, 50, 33, 52,58

r o
o)

b
(1]
R

B dgy A7l 7 9o avel Aolis dotrr] Al wiEg] Ao S0C LFArses 4
k)

~J
ro
17
Kl
,
fp
Ho
o
rN
Ju
X
B
=
o
w
=2
=
rju
2
,
e
N
L
o
I*ﬂ
>
o
o
|

3t Edelt,

=
E 78 RS, £ e FHvies oS ditst @ AdS € F vk oA 2, S=69 S AL 9
] = ¥ A4S bl @, @9, 5209 AS A o]delo] A ¢

o
AN WA AT mme BANT FUR WAL AR nme B, 69 49 4 olggeld
= )|
% 8 ® WAl s Atd HW/1E9 A FFE A BHol:, E 9 B Wl AAde

98 F=Zshd, AYrj&xm B L] HAld BF S0C @l@e] 3% WolA A SCE wFEeta A
A HQl 25%2 =T § Q). _11311-} Ae7)ed Bay gA7ko] A5 uiy B
wge] Aol wpaw, ozt 343k whol A WAL B S Yo}

53], % 89 (@) ¥ ()% % 99 (a) % (ol 22 =AW S0 % WS ERAAe F by k) Holg v
R geidch, B U9, 49715 UED A BPVE A AAE Tdska 28 4 AT 5 9
of A Aol A% 94 A2 A v = 2ol whe)

_1_r
é
J>' e

wrge] AAldle] waw A o] Aetol
g

SOC7t ¥ AL FH AL S0C7F 28 A& HHste He® FO {48 SoC BREE

= 89 ()¢ = 99 (o)oll =AE AF T2 A 4P 4% BE WP E HAET.

=

AlEe ol Fob Adly)su B oubhgol Aajdol A Aty ey &4 7HzE 2 54Whet 1.28Who|th, &, 2
el AAlde] maw, Al ojdetolA e W duA] EF 54 it A Ajzre] Ayt slte] dEEW
UA &A% Feizlsd Hla] 50% Hr.

Bowge wvle] B4R Ao FuE she] AEEot ol dAHe Ao Baksiel, Gel 7l%ol &3}

E Rkl A Y AN b Aehd o mry u}%t:sl- w, 9 58 g Az} st 2e olad

Zolch, web & wHel AAE 71 REEsls ol ST 7148 Aol slstel Aok &
I}

100: At wjelE]e] 1 B2l Wl AlxH]
110: =

1200 A o]de}o] A

121: A9k =

1220 A St vhapg

123: old 21 AEEY

130: BMU

140: MCU
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E=H3b
a=-1
<
1, <0
+ L&
CELL. I CELL A=
I + y
H CELL 2 = I'+
'_mf I' K CEr Rt
v i V;: % CELL 3 == i
A ; CTLT, * I;<0
| CELL_n=F
"
CELL_20 e
| |
ED4a
w —-—————————— e —
90 - E

SOC (%)

12345678 91011121314151617181920

Nrdel’ (it;])
T T T; T

Processing time

In the End —
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